Using a simplex optimization procedure, we have elaborated a sensitive and reliable micromethod for determining D-glucaric acid, based on inhibition of glucuronidase activity by 1,4-D-glucarolactone, produced from D-giucaric acid by heating. The maximum attainable difference between glucuronidase activity in the reaction mixture with and without D-glucaric acid was used as an optimization criterion. From the optimization scheme, 1 mmol/L 4-nitrophenyl-f3-o-glucuronide and pH 5.0 were found to be optimal conditions for determination of D-glucaric acid with this test. In contrast to other similar methods, in which a logarithmic calibration curve is used, we calculate D-glucaric acid with a linear calibration curve by using the Dixon (Biochem. J. 55: 170, 1953) plot. The coefficient of variation for the method (within-run and between-day precision) was from 3.1 to 5.8%. Men excrete more D-glucaric acid than do women per 24 hours, but we saw no sex-related differences in excretion of D-glucaric acid when it was expressed in terms of urinary creatinine.
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The microsomal enzyme system of the liver can be activated by various drugs (1) (2) (3) (4) (5) (6) . Thus the biotransformation of endogenous and exogenous substances in the human organism and the biological availability of drugs are decisively influenced. Determination of GA3 excretion in urine has proved to be a suitable index to microsomal enzyme activity of the liver (7). Marsh (8) described a method for GA based on the inhibition of GUUC activity by GA after this had been transformed into the GLUC inhibitor GU by boiling. A disadvantage of this method is the logarithmic calibration curve given by Marsh (8) and used also by all subsequent authors (1-6, 9, 10) , which is linear only in a relatively narrow range and may lead to low precision (4) . Therefore, we elaborated a sensitive method by simplex optimization which, by using the Dixon plot, permits determination of GA with a linear calibration curve over a wide range.
Materials and Methods

Samples
Urine samples obtained from healthy adults were stored at -20 #{176}C, if the assay was not done on the day of collection. Table 1 ). The solution must be freshly prepared daily.
Apparatus
Procedures
The determination of GA is based on the principle that, by boiling the urine at pH 2.0, the GA is transformed into the GLUC inhibitor GU. From its inhibition of GLUC activity, the GA concentration is determined with a calibration curve. Because other substances in urine may inhibit GLUC as GU does, the concentration of GA, determined thus, consists of the actual GA concentration and an apparent GA concentration that is ascribable to the inhibitors of other nature in urine (8) . Therefore, GLUC activity is in addition determined with urine boiled at pH 8.0, a pH at which GA is not transformed into GL. From this sample an apparent GA concentration is calculated from the calibration curve. The difference in the concentrations determined under these two conditions is the true concentration of GA. We performed the determination of GA as detailed in Table  1 . To determine optimal conditions for the assay, we varied the substrate concentrations and pH values and used a simplex optimization procedure. Details are given in Results and in the legends of the figures.
We adjusted the pH of diluted urines by adding 4 mmol/L KOH and 4 mmol/U HC1, respectively.
Volume changes were not allowed for, because they were less than 0.5%.
Substrate
Urine alkalineor acid-treated) Water 
Calculations.
For statistical analysis of the results we used Student's t-test.
Results
Analytical Variables
According to the described principle of GA determination, we studied factors influencing the analytical reliability of the method, both the conditions to be chosen for transforming GA into its lactone and for determination of GLUC activity in the presence of GA.
Influence of pH and boiling time on GL production.
In model studies with GA we studied the transformation of GA into its lactone with respect to pH and boiling time, because data on optimal conditions are contradictory (8, 9) . After boiling GA for 30 mm the extent of GLUC inhibition increased only little (Figure 1 ). Thus 45 mm suffices to ensure maximal transformation of GA into GU. pH 2.0 can be considered to be the optimal pH (Figure 2) .
Influence of pH and substrate concentration on GLUC activity.
In the presence of GU the pH optimum for GLUC activity is shifted (Figure 3) . The difference in reaction rates with and without GA was greatest in the pH range between 
Simplex optimization.
The experiments mentioned above indicate that, as decisive variables, pH and substrate concentration influence the sensitivity of the test. To cover the dependence on both variables in common, we applied the simplex optimization procedure according to Nelder and Mead (14) . As optimization value, the maximum attainable difference between GUUC activity in the presence and absence of GA in reaction mixture was used. From this optimization scheme 1 mmol/L 4-nitrophenyl-fl-D-glucuronide and pH 5.0 were determined to be optimal conditions for the determination of GA ( Table 2) .
Calibration.
Urine boiled at pH 2.0 and pH 8.0, respectively, competitively inhibits GLUC ( Figure 5 ). So, from an enzyme-kinetics viewpoint, it is not understandable why loga- Fig. 4 . influence of substrate concentration on the GIUC activity mnthe presence of GL (20) with the step sizes of 0.8 for pH and 3 for substrate. As optimization criterion we used the difference of reaction rates In reaction mixture with and without GA (4 imol/L as final concentration). The optImIzation procedure of Nelder and Mead (14) was used. Values given are mean values of triplicates. rithmic calibration curves were used for calculating GA concentration in the past.
As Figure 6 shows, there is no linearity in logarithmic plotting. Besides, the inhibition curves of urine boiled at alkaline and acid pH are not parallel, although this is a necessary supposition for a correct calculation in this case. When the two inhibition curves are plotted according to Dixon (15) , however, two straight lines with different slopes and the same intercept are obtained ( Figure 6B ). Thus GA concentration can be calculated by use of this plot. The calibration curve is linear up to an original GA concentration of 25 &mol/L, corresponding to a final concentration of 10 imol/U in the reaction mixture. Because, as a rule, 10-fold diluted urine (with water or HCI solution) is used in the determination, concentrations up to 250 itmol/U can be correctly determined. Higher concentrations require further dilution of the sample.
Analytical recovery.
We assessed recovery by adding 40 zmol of GA per liter to an urine with an initial GA concentration of 33.6 mol/U.
For 10 assays, the mean recovery was 98.3 (SD 3.78%). (16) , did not show any significant deviation from a gaussian distribution. Men excreted more GA (p <0.001) than did women if the 24-h period was used as the basis of reference ( Table 4) .
Precision.
Discussion
Recently, workers in various fields of medicine have been increasingly concerned with problems of enzyme induction (7). Two relatively simple methods are proposed for revealing enzyme induction (7, 17) : measurement of the urinary output cause increased y-glutamyltransferase activity in serum (18) , the diagnostic value of 7-glutamyltransferase for detecting enzyme induction is limited, and determination of GA excretion would appear to be preferable in studies of enzyme induction.
The method we proposed here represents an optimized GA determination by means of the GLUC inhibition test. All authors who used this principle of GA determination hitherto have not considered that not only GL, but also other inhibitors in urine, competitively inhibit GLUC activity. The determinations were made with tests which involve a high substrate concentration. Although a maximum GLUC activity is measured, because of the competitive inhibition mechanisms of GL the test becomes relatively insensitive for determination For other conditions see Table 1 of GA. For these reasons as well, other authors recommended a column-chromatographic method (19) .
Compared with the traditional methods (8-10) of determining GA with the GLUC inhibition test, our modifications of the method have the following advantages:
1. The calibration curve is linearized by applying the Dixon plot. Our data prove that the method has high precision.
2. The method offers high analytical sensitivity. As a rule, the determination can be made with diluted urine. This makes possible such tests in small laboratory animals, to determine GA in urine in the framework of studies of enzyme induction.
3. The method is a micromethod and one person is able to make about 50 to 60 determinations a day.
Further to characterize the proposed method, we measured normal GA excretion. Published normal values, given in the literature as mean values, are clearly different (7): they lie between 13 and 98 zmol/24 h. We believe that this is mainly due to unsatisfactory methods. Our results show a sex-related difference in urinary output of GA if related to 24-hour excretion, as reported by other authors (9, 10) , but in terms of creatinine (wt GA/wt creat.) this dependence is not observed, because men excrete more creatinine than do women.
